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1LEONARDIAN FLOID MECHANICS
UNEXPLORED FLOW STUDIES 
IN THE CODICES FORSTER
by Enzo Macagno
I. INTRODUCTION
The nature, if not the meaning, of many notes and drawings 
in the extant manuscripts of Leonardo da Vinci, is evident in 
those which refer directly to the motion of water, air and 
fire; however, in many other cases, the crux of the matter can 
only be seen by the trained eye. What I mean is that in order 
to perceive the connection with flow phenomena of all kinds 
that exist in many places in Leonardo's manuscripts one needs 
to have a great familiarity with the corresponding science, in 
particular, with kinematics of fluids. Unfortunately, most 
people, even after going through a university education have 
had little training, if any, in the area of geometry of motion. 
I am not speaking of the cleavage described by C.P. Snow, be­
cause most people trained in science and technology are not 
taught kinematics with the same depth that they are taught some 
branches of geometry. Learning only a static kind of geometry 
creates, in my opinion, a handicap to the understanding of 
motion, because motion requires a very special type of geo­
metry, not just one in which we introduce some finite change of
2position of the geometric figures. It is my thesis that Leon­
ardo started to develop the type of geometry that makes pos­
sible a study of motion in its most general form. Of course, I 
grant immediately that Leonardo only had hints of what was 
going to be developed centuries after him, as the necessary 
mathematical tools to understand motion, and flow, in all its 
generality.
If I present a thesis, I must be ready to defend it, and I 
think that I must begin by stating that it may be unavoidable
to do it in terms of modern understanding of the science of
kinematics. However, I will do my best to put my discussions
in the most elementary form possible without distorting ser­
iously the fundamental theorems of that science. If one must 
examine the degree of understanding that Leonardo attained of 
the motion of deformable bodies of all kinds, it is obvious 
that the corresponding theory must be mastered, and some usual 
pitfalls in the scientific descriptions of flow must be avoid­
ed .
Regarding the Codices Forster, the main problem from the 
point of view of flow phenomena is that a good part of the 
material is only indirectly related to the study of such pheno­
mena. For instance, part of Codex Forster I is devoted to 
transformation of geometric figures from one form to another. 
If one views this material from the static point of view of 
classic geometry, it may appear as totally unrelated to kine­
matics. However, a mind accustomed to see the equivalence of
3volume of different figures may see the connection with the 
figures of different shape that represent flow at different 
cross-sections of a jet, or a conduit or a canal. I refer to 
velocity diagrams at different cross-sections of an incompres­
sible fluid flow (see, for instance, Rouse 1971). The possi­
bility of Leonardo having adopted in many cases a Lagrangian 
point of view to describe flow, rather than an Eulerian one, is 
what makes the folios dealing with transformation of figures of 
interest from the point of view of flow science. Even some 
fluid-mechanicists, who only use Eulerian methodology, may not 
see this connection and not realize that Leonardo, in a however 
embryonic manner, had an understanding of both the Eulerian and 
the Lagrangian descriptions of flow.
The second part of Codex Forster I contains a large number 
of sketches and drawings of hydraulic machines. Others have 
studied these folios from the point of view of mechanical engi­
neering; from my point of view, two main features remain to be 
studied: the flow through such machines (as far as it can be 
ascertained) and the implications of perpetual motion, or per­
petual flow.
Although theoretical kinematics is surely a well estab­
lished discipline, there is still much need of using experi­
mental methods to study complicated flow patterns, as demon­
strated by the many publications on flow visualization (Macagno 
1969). Being this so, one can understand how important any 
reference to experimentation concerning directly, or indirect­
4ly, the mechanics of flow phenomena in Leonardo’s manuscripts 
must be for the student of such material. A careful survey of 
all the experiments of this kind in the Codices Forster has 
been carried out, and is included in this paper. It should not 
be understood as a list of experiments by Leonardo, but really 
as a compilation of any situation found in the Codex which has 
or may have an experimental connotation.
This paper does not constitute an exhaustive study of flow 
in the Codices Forster, it is only the necessary previous step 
for such an investigation. The principal aim of the paper is 
to methodically indicate the questions to be studied in the 
future.
5II. THE CODICES FORSTER
Codices Forster is the designation for three notebooks of 
Leonardo da Vinci which are now at the Victoria and Albert 
Museum of London. Facsimile publication of those documents in 
four volumes was done a little more than fifty years ago by the 
Reale Commissione Vinciana in Italy under the title "I mano- 
scriti di Leonardo da Vinci. Il Codice Forster nel Victoria 
and Albert Museum" (Carusi 1930). A fifth volume was added, 
containing a Preface and the Index of Subjects. Each folio re­
produced in those books was accompanied by the critical trans­
cription of the text and copies of the drawings. Many of the 
drawings were in poor state in the original and came rather 
badly in photographs; hence the hand drawings that accompany 
the transcription are very useful. The editors of the Codices 
Forster considered unnecessary the diplomatic transcription, 
having found that it would not differ much from the critical 
transcription.
In the volume V, and in other places, one can find notes 
on the history of the notebooks that now form the Codices For­
ster; therefore only a few brief comments seem warranted here. 
These notebooks went to the Victoria and Albert Museum in 1876. 
They had been donated some time before by Lord Lytton to John 
Forster. It seems that Lord Lytton bought the notebooks in 
Vienna where nobody payed much attention to them for a long 
time. In one of the folios there is a brief biographical note
6about Leonardo with the dates 1452, 1502, and 1519; it is writ­
ten in German by a hand considered to be of the XVIII-XIX cen­
turies (see Appendix I). Very few other notes by hands other 
than that of Leonardo exist in the Codices Forster, and because 
of this it has been concluded that it was little known before 
1876. The first article on these codices was published by J.P. 
Richter in 1879. In this century R. Marcolongo (1934) and A. 
Marinoni (1982) have written about some sections of this codex. 
E. Carusi in the above mentioned Preface gives an approximate 
chronology for each notebook or important part of it which 
differs from those of Richter, and others:
CF I (1-41) 1505
CF I (41-51) 1487-1490
CF II (1-60) 1495-1497
CF III (1-88) 1487-1490
It seems that these codices have received less attention than 
others from students of Leonardo's manuscripts; I hope that my 
effort may be the beginning of more interest, because all manu­
scripts must be well known to arrive at a good synthesis of 
what we have inherited from him.
7III. SURVEY OF THE CODICES FORSTER
Following the methodology already developed for other 
notebooks (Macagno 1982, 1985, 1988), I have constructed a
tabular form of a survey of the content of the Codices Forster. 
This table will be used for a storage in a computer system, a 
form much more useful to all interested scholars and Leonar- 
dists than the table itself. Very few entries do not belong to 
questions of a technical or scientific nature. It has already 
been mentioned that the first forty folios of CF I dealt almost 
exclusively with geometrical problems as planned by Leonardo 
himself who at CF I 3R wrote:
Libro titolato de strasformazione cioè senza diminuzione
o aeoresoimento di materia
and that the rest of the volume contained a large number of 
sketches and drawings of hydraulic machines. (For English 
versions of quotations in Italian, see Appendix I.) There is 
much less specialization in the other two notebooks. It should 
be taken into account that these notebooks are of small format 
and usually a folio contains only a few sentences and two or 
three sketches. They must have served mainly to make brief 
notes on different topics. In CF II, I have found more than 
one third of the folios with notes of interest from my point of 
view, while in CF III the fraction is near to one half. In CF
8II and III, I found experiments and experimental situations 
reaching a total of 36 cases. Because of the great interest in 
experimentation in this investigation, I have prepared a tabu­
lar summary of all these cases, which is included as Appendix 
II. The number of entries on statics and mechanics of fluids 
are near one hundred.
In the tabulation of experiments and experimental situa­
tions, I have given for each entry its profile in terms of key­
words. In a recent publication (Macagno 1986a) I have included 
a copy of the cards in which the meaning of each keyword is 
given in full detail. Here, I think that it will suffice to 
explain briefly each of the words used in the profiles. There 
are some keywords in Italian; in fact the Italian of Leonardo. 
I have used his words for earth, water, air and fire because 
they designate in his writings the four elements. In the case 
of "INPETO", the reason is that I prefer not to translate this 
word to avoid ambiguities and to delay my decision on what it 
means in each case it was used by Leonardo. "GRANULAR" indi­
cates earth (Terra) reduced to particles like silt, sand, gra­
vel, or any other granular materials.
FLOW.- Any current, or flux, of any fluid or fluid-like sub­
stance undergoing deformation.
DISTRIB.- Distribution of properties of all kinds. Distribu­
tion of temperature, pressure, velocity, stresses. Distribu­
tion of sizes in a mixture of silt, sand, and gravel.
9VORT.- All kinds of vortical motions. Single eddies or whirls.
WAVES.- All kinds of disturbances of an interface which usually 
propagate in a certain direction, but which may present also a 
complex configuration or be stationary.
CONDUIT.- Pipes, ducts of all kinds, short and long.
CANAL.- The man made ditch or channel to carry water from one 
place to another, or to connect water bodies.
SIPHON.- This term indicates the up-side-down U-tube, or J- 
tube, used to transfer liquids from one container to another.
ORIFICE.- Nozzles, holes, openings in the bottom or walls of 
reservoirs for the passage of fluids.
JET.- The liquid coming out from an orifice forms a jet. Jets 
can be vertical down or up, or can form a curve.
BO MO.- Body moving through a fluid with any kind of path. 
Flow relative to a body moving through a fluid. Also solid 
body under forces changing its shape.
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METEO.- Static or dynamic meteorological phenomena. Lightning, 
thunder, clouds, storms.
GEOPH.- Phenomena at the planetary scale.
ACOUS.- Sound, noise. Accoustical phenomena produced a special 
kind of flow with small amplitude orbits, but flow none the 
less.
THERM.- Heat-generated flows. Leonardo would have said also 
"cold-generated flows". Flames.
EXPER.- This keyword is implicit for all entries in the table 
for experiments and experimental situations, and should be 
added if the profiles are used in any other way. Also com­
prised are instruments and devices used in experiments.
W. WHEEL.- All kinds of hydraulic wheels in which the weight of 
the liquid provides at least part of the driving force.
W. LIFT.- All kinds of machines and devices used to raise wat­
er. Archimedean screws. Pumps.
DEVICE.- Machines, mechanisms, mechanical devices. Also con­
trivance, scheme, actions to produce a result.
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SIMIL.- Stands for similarity and similitude (complete or par­
tial) between any two phenomena at different scales. Discus­
sions of physical similarity are very old as is analogical 
thinking.
STATICS.- Mechanical systems of any kind in equilibrium. Stra­
tification of fluids at rest. Communicating vessels.
MECH.- Mechanical systems of any kind in motion, or from a 
dynamic point of view. Emphasis of mechanical aspects for any 
system, including living systems.
FORCE.- Mainly forces exerted by fluids or fluid-like systems. 
In some cases, also force exerted by solid bodies.
PRESS.- A force (extensive, or intensive) exerted on a wall or 
on a floor by any of the elements considered by Leonardo. Also 
a force exerted by a man or an animal on a wall or on an ob­
ject .
KIN.- Study of motion by an implicit or explicit relation be­
tween position and time, but without discussion of the inter­
vening forces. The notion of velocity.
DEFORM.- Deformation exists in almost all kinds of motions of 
fluids, but it is also present in many motions of solid bodies.
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Because sound can be excited in, and emitted by, all kinds of 
bodies, however hard and rigid they may appear to be, states of 
flow can exist in all solid bodies.
RESIST.- There is friction between solids moving, in close con­
tact, one relative to the other. A corresponding effect exists 
also between parts of fluids, and between solids and fluids. 
Leonardo was well aware of the general phenomenon of resistance 
in both internal and external flows.
IMPACT.- When two bodies come together because they are on 
intersecting paths it is said that there is impact of one on 
the other. This word is also used for fluids; e.g., when a jet 
impinges on a wall or on the blades of a hydraulic wheel.
LIV SYS.- By living system it is meant man, or animal, or plant 
involved in some kind of flow, either external or internal. One 
example would be the effect of wind on the orientation and 
shape of the leaves of a tree.
Generation of Profiles. In Table I, seven examples of the 
procedure followed in this survey are given. In them, I illu­
strate how the key terms are selected, and then how they are 
listed to form what I call profiles. These profiles are the 
rows of a tabular arrangement, or matrix, which is stored in a 
computer system when the multichannel tabulation is completed.
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It is hoped that such a tabulation can be as useful to any 
scholar interested in Leonardian fluid mechanics as it has been 
useful to the author of this monograph.
The generation of profiles is a work that can only be done 
in the original language of Leonardo; I would not trust even a 
transcription, and, although I have used the texts from a tran­
scription in the following examples, the systematic construc­
tion of profiles was done on the facsimiles of the original 
notebooks.
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TABLE I
CONSTRUCTION OF PROFILES
FOLIO TOPICAL BLOCK PROFILE
CF I 
3R
1
BOOK 
(Libro titolato de 
[straformatione DEFOR 
cioè senza diminu-
CONSEFV
tione o accresci­
mento di materia.
KINEM
KINEM
CONSER
DEFOR
BOOK
CF I 
40V
2
GEOM
Geometria che s'ass- 
tende nelle tras-
DEFOR —
mutationT] pe ' corpi] BO MO
metallici che sson
di materia atta a
DEFOR.
asstendersi e ra-
cortare^secondo le
 DEVICE
necessita de' loro 
speculanti.
KINEM
GEOM 
DEVICE 
BO MO 
KINEM 
DEFOR
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FOLIO TOPICAL BLOCK PROFILE
CF II 
68V
FLOW
GRAN
CIRCUL
EXPER
DEVICE
DISTRIB
In questo circulo
voglio sperimentare]-*-EXPER
del(moto circulare CIRCUL
cioè a mettervi den-
tro icosse grosse e
GRAN ^  minute ai medesima
materia cose di pari
grosseza di varie
materie e ttenerle
miste e fa caso] e ve-
dere nel fine del moto \
che ssito ciasscuna DISTRIB 
ha eletto.
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FOLIO TOPICAL BLOCK PROFILE
CF II 
65V
ACQUA 
STAT 
BO MO 
WEIGHT 
BOAT
i
CF III 
75V
ACQUA
FLOW
WAVE
VORTEX
ORIF
\nniTa Perche le linie dell'
FLOW
acqua versante a una 
ORIF - buca non si dirigano 
al cientro d'essa.
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FOLIO TOPICAL BLOCK PROFILE
CF I 
42V
ACQUA 
W. WHEEL 
W. LIFT 
PERP MO
CF I 
47V
ACQUA 
W. LIFT 
DEVICE 
MAN
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IV. EXPERIMENTS AND EXPERIMENTAL SITUATIONS
A survey of the Codices Forster, as well as that of any 
other, from the point of view of experimentation has, by neces­
sity, to be done before one is able to determine in some way 
the degree of involvement of Leonardo in the situation by him 
described, sometimes in a very terse way. For example, one may 
find a sketch without comments which depicts an experiment; we 
may never be able to ascertain whether Leonardo performed or 
not such an experiment; but we will never know it for sure, 
unless such a sketch is included in the survey. I am stating 
all this because I do not want to be interpreted as pronouncing 
any judgment, on the situations listed in my tabulation, by the 
mere fact of including them there. The only decision has been 
that they appear to me worthy of further study. About such a 
possibility, I will give my opinion in my comments of those 
experiments and experimental situations in this section. Many 
final decisions will only be possible after a thorough study, 
which may require the laboratory methodology (Macagno 1982) to 
be applied, but In some cases we will see that this has already 
been done; therefore, for a few entries, I will be able to say 
something final after all.
There are a number of entries in the table (see Appendix 
II) that belong to statics and dynamics of particles and rigid 
bodies or systems. I have made a point in studying all such 
cases which may be of some significance in the understanding of
19
Leonardian fluid flow science. They have been and will be 
analyzed from such point of view, and also to see if, via ana­
logy» they may have provided Leonardo with some clue about a 
problem of fluid flow and transport phenomena. For instance, 
Entry 9 is of interest because Leonardo, in other documents, 
was concerned with letting a river flow into a tunnel along a 
diameter of our planet. His interest into what happens to a 
body thrown into such a tunnel is obviously part of the same 
question, the fact that this is a hypothetical situation is 
recognized, but being a "gedanken Experiment" (Kuhn 1977) does 
not take away the nature of the situation. Studies of statics 
are of interest because understanding of the statics of bal­
ances, pulleys, levers, etc., constitute a basis for the abil­
ity to solve other problems, and perhaps also those of fluid 
statics. (See Entries 13, 15, 22, 25, 33). Experimental situ­
ations involving problems of dynamics are important for similar 
reasons: a man who studies the path of projectiles of differ­
ent types with some success can also study water jets, and 
vice-versa. This justifies entries like 5 and 23. For Leon­
ardo the role of resistance in fluid flow was almost always 
present in his notes on fluid mechanics; most probably because 
he perceived well the influence of resistance in the motion of 
rigid bodies rubbing against other bodies, or against a fluid 
(Entries 20, 28 and 33). Many things depend on the point of 
view. For instance, the experiment depicted in Entry 33 may 
appear in one way to a statically minded person, and in another
20
way to a mind for which all flows. When the string wound 
around the fixed cylinder starts moving, due to a heavy enough 
weight on one side, it suggests a strong analogy with a liquid 
filament running on an inclined plane, both subject to a resis­
tance from the fixed boundary. Being well aware of the impor­
tance of analogical thinking in Leonardo's studies, one should 
look for analogies all over, even when they are not explicitely 
mentioned by him as it happens in the Codices Forster. Impact 
of bodies on other bodies or on the ground are of interest 
because of a possible analogy with the impact of water jets 
(see Entries 18 and 19). It should be said that the question 
of the analogy being useful or not, remains always open; and in 
connection with this investigation, it has been discussed some­
where else (Macagno 1985b, 1986b, 1987a).
Leonardo studied the flow of water, air and fire in a 
large number of manifestations, but he did more than that when 
he saw the possibility of considering granular materials, like 
sand and seeds, as able to flow: the small sketch reproduced 
in Entry 10 is easy to interpret if one has studied the more 
explicit drawing in CM I 126V whose text describes the circula­
tion inside a cone of sand lying on a board subject to vibra­
tion (Macagno 1982). One is tempted to interpret the small 
sketch as a pictographic shorthand to remember the question, or 
perhaps, already, the experimental finding that was to be ac­
curately recorded later on in the note of the Codex Madrid. 
Similar reaction has elicited the sketch in Entry 26, in the
21
sense that it appears to be a pictogram of thoughts about waves 
generated around a moving triangular body, or perhaps, a prism. 
A discussion by Leonardo of the waves around a triangular body 
can be found in the Codex Madrid I (126V) (Macagno 1982). Cor­
relations can easily be found for Entries 3, 14, 21, 30, 31, 
33, and 36, but other cases will have to be carefully research­
ed. (See surveys by Macagno, already available for CA, CM, CH, 
Ms, A).
Regarding the dynamics of granular materials, Entry 11 re­
presents an interesting phenomenon, only summarily described in 
Codex Forster II; one can see a link between this experiment 
and some on centrifugal effects in the Codices Madrid (Macagno 
1988). This experimental situation may have been inspired by 
observations in an artist workshop or in some other place with 
machines in rotatory motion; the possibility of some rotating 
large dish in which granular material of different physical 
properties were separated should not be discarded, and is worth 
pursuing.
Entry 16 is due to two different cases of reservoirs with 
orifices pouring liquid. The reservoirs are installed in ser­
ies and the comments are not very promising. It will be worth 
trying to find similar situations with more comments in some 
other document. The flow situation in Entry 17 may perhaps be 
considered as treated much more amply in other manuscripts. 
The flows represented in Entry 27 seem worthy of some study in 
the laboratory; this may depend on the progress done to improve
22
reproductions in facsimile since the times of the first publi­
cation of these codices. The photographs available are very 
poor, and it may be necessary not so much to examine with the 
naked eye the original, as to subject it to some modern proce­
dure of image interpretation.
There is nothing spectacular in the Codices Forster re­
garding flow and transport phenomena, but what is in them is 
not negligible, and needs to be carefully integrated with other 
documents richer in the science of flow. In some cases, the 
work may be more difficult than what it seems at first sight 
because the drawings are usually sketchy and in some cases have 
faded away almost entirely, and the text is generally too 
brief, or incomplete, or even nonexistent.
There are several folios in which Leonardo noted beside a 
drawing or a sketch either "sperimentato" or "non sperimentato" 
(see CF II 67V, 97V, 98R, 99R, 99V, 100R, 104R, 135R, 147R, 
133R, 154R). The experiments are all about statics involving 
bars, pulleys, strings and weights, and I did not consider them 
relevant for my investigation. I only want to say that one 
should be careful to interpret the word "sperimentato" as a 
sure indication that Leonardo meant that he verified experimen­
tally the situation represented. In some cases, I have found 
that what he actually did was to perform elementary calcula­
tions; perhaps he meant - at least occasionally - that he had 
somehow verified the statement represented by his drawing; 
which for the folios listed is about a condition of equili­
brium.
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V. GEOMETRY RELATED TO FLOW STUDIES
In the Codex Forster I there are about 80 pages on geome­
try; only a few of them fall into a category that I have intro­
duced in my investigation of Leonardian fluid mechanics. "Know­
ing now what kind of geometry has made possible the development 
of modern fluid mechanics, one can search in Leonardo's studies 
of geometry to see if some embryonic forms of that geometry can 
be detected (Macagno 1987b). What is found must be carefully 
analyzed in the general frame of Leonardo's interest in flow in 
all of its forms. How much Leonardo was aware of the signifi­
cance of some new ways in geometry that he was using may be 
hard to establish, but from a practical point of view it will 
always be of great value to establish and understand his use of 
such new approaches. In other papers I have already shown that 
Leonardo's geometric and kinematical studies are interrelated 
(Macagno 1985b, 1987a); there is still much to be explored in 
this particular area, and at this moment it is only necessary 
to declare its importance and the need for gathering carefully 
all notes and drawings by Leonardo with this eventual connec­
tion between geometry and the science of flow. Thus in the 
rest of this section, I will endeavor to give my views on some 
of the notes on geometry in the Codex Forster I.
On CF I 3R, Leonardo inscribed a title valid for the fol­
lowing forty folios:
24
Libro titolato de strasformaziones cioè senza diminu­
zione o accrescimento di materia.
This sounds very much like a statement about a process in which 
mass is to be conserved. All depends, of course, on how the so 
called transformations are carried out. To illustrate this re­
mark, I will cast the same problem in two different forms. In 
the first let us assume that we have a cube of side a and want 
to find a cone of the same volume having a circle of diameter D 
as a base and a height H; the question is how will be the H as 
a function of D. In the second, we have a cubic bucket full of 
sand and we want to have a mount of sand in conical shape with­
out losing a grain. A mathematician will tell us that the 
equation a*1 = ^  D H is the answer. A physicist will take a 
funnel and let the sand pour carefully through it on a tray, 
until a sand cone is formed. There is absolutely no connota­
tion of flow in the first case, while in the second the whole 
procedure is one of flow. There is also some kind of flow, if 
the cube is made of clay and the hands of the artist change it 
into a cone; something similar can be accomplished with a piece 
of glass by a glass blower. Now, I believe, we are ready to 
explore the Codex Forster I looking for something new in Leon­
ardo's geometry.
A sense of transformations of geometric figures as a mo­
tion process (Macagno 1961) is contained in folios 11V to 12V 
of CF I. In 12V Leonardo notes that any body has three dimen­
25
sions and that along any of them it can dilate or contract; In 
the other folios, Leonardo considers at length all the possibi­
lities involved. There is a revealing paragraph in CF I 40V 
where he explains what he is doing:
Geometria ehe s' ass tende nelle trasmutazioni de’corpi 
metallici che sson di materia atta a asstendersi e racor- 
tare secondo le necessita de'loro speculanti.
This is highly suggestive of the way in which Leonardo saw this 
transformations of figures, and one can find evidence of the 
same in others of his notebooks.
More evidence of the kind of geometry eventually conducive 
to a formulation of the essentials of flow kinematics is in CF 
II 42R, where Leonardo does not work with the restrictive rules 
of the game one finds in the geometry of Euclides; there he 
discusses the equivalence between the area of a rectangle and 
that of a figure with two sides of sinusoidal shape (Fig. 1). 
In fact those two sides are of arbitrary although congruent 
shapes, because it is through a translational displacement that 
the figures are generated. A further step in the direction of 
a geometry more apt to be used in the interpretation and des­
cription of a flow is found in CF II 44R, where a similar 
figure is given with the following comment:
26
Tutte le linee traversali che ssi possano manualmente 
fare in queste due superfizie sono de equal numero e 
lungheza.
All this comes very close to say that the rectangle can be sub­
divided in strips that then are duplicated In the other figure 
so that the sinusoidal curves are followed. Of course this is 
not said by Leonardo, it is only considered as something equiv­
alent to what he wrote down on this folio (Fig. 2).
Highly suggestive of deformation of figures are also the 
drawings of CF II 47R in which parallelograms and parallelepi­
peds of equivalent volume are shown (Figs. 3,4); of course 
these sketches by themselves do not prove a sense of flow in 
Leonardo's mind, but they must be examined together with notes 
and drawings of other notebooks with more explicit implications 
of flow, of passing from one figure to the other and to still 
another one.
Among the problems with conservation of volume that Leon­
ardo considered in the Codices Forster, we find one that stands 
all alone by its nature and by the difficulties of its solu­
tion. It will be worth investigating whether it was of his own 
invention, or if it was taken from some other source. In CF I 
6V Leonardo proposes the following:
Cubisi un corpo di sei base del quale i sua lati sten 
terminati da 12 varie linie infra loro in razionale 
proporzione.
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We reproduce his sketch including the body of six faces with 12 
different edges of lengths previously specified (Fig. 5). We 
can assume that Leonardo meant those twelve lengths to increase 
linearly from a given minimum value; for instance, in a given 
unit, they could go, in length, from 1 to 12. Leonardo seems 
to have some idea of the multiplicity of solutions, because he 
says that there are 5054 different ways of forming the body so 
that the same amount of matter is included. There is no hint 
of how Leonardo could have arrived to such a number. The ques­
tion is hardly related to problems of flow, except in the basic 
aspect of conserving mass; however, it seems interesting to 
point at the difficulties involved as a basis for further study 
in the direction of Leonardo having possibly dealt with this 
problem in an empirical way. An inroad into this problem can 
be gained quickly by considering the two-dimensional analog: 
given four lengths which follow a given law, find all possible 
quandrangles with a given area. Let us assume for instance, 
that the lengths are 1, 2, 3, 4 in an arbitrary unit of length. 
One can immediately see that taking 4 as a base one can form 
more than one kind of quadrangle (see Fig. G). In a more gen­
eral form let us call L^, L2, L3, L4 the four lengths and place 
L4 on the x-axis, the other three lengths will have projections 
xl, y^, etc., (Fig. 7), and then six equations will be avail­
able to determine them, assuming that a given area A must be 
that of the quadrangle:
2 8
Thus we have six equations with six unknowns. The equations 
are not all linear, and we can expect, depending on the value 
assigned to A, more than one solution. We can stop here this 
analysis because it shows that even the problem in two dimen­
sions could not possibly have been solved theoretically by 
Leonardo. The only possibility, then, would have been an em­
pirical solution using simple geometrical constructions, but to 
achieve the shape (or shapes) with the desired area A, only a 
trial and error procedure would have yielded the desired re­
sult, and such a procedure for this case seems unlikely in 
Leonardo. We must discard then any likelihood that he had 
really done some work in the three-dimensional case. This 
conclusion is not without interest for anybody studying Leonar­
do as an engineer or a scientist. For somebody interested in 
Leonardo as a student of geometry, the question may, however, 
be of further interest because there must be some source to be 
traced; if not Leonardo, then who dealt with the problem? Who 
found the number of solutions, quoted by Leonardo as being 
5054?
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I would like to close this section with a comment on the 
significance of realizing, or at least believing, that a given 
portion of matter (say, of water or some other liquid) could be 
shaped in thousands of different geometrical figures conserving 
its volume. It may have given to Leonardo a feeling for a new 
geometry quite different from that of a geometry of rigorous 
but dry theorems, devoid of dynamism.
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VI. MECHANICS RELATED TO FLOW STUDIES
In the same way that some questions of geometry are re­
lated to flow, there are topics of mechanics of particles and 
rigid bodies intimately related to the study of kinematics and 
dynamics of fluids. Mechanics is the oldest branch of physics, 
unless we want to grant such a distinction to geometry. At the 
times of Leonardo, theoretical mechanics was still in a rather 
poor state and surely not to be improved by a re-naissance of 
Greek science. Mechanics as we know it today was yet to be 
born. Anyway, it is important to follow what Leonardo knew 
(right and wrong) about fundamental aspects of mechanics which 
were bound to affect his studies of flow mechanics. I can 
illustrate this point with a simple example from CF II 78V, CF 
III 85V to 87R where Leonardo discusses the behavior of a sys­
tem of pulleys; he says that the four quantities must be consi­
dered: force, weight, time and displacement ("moto"):
Il tirare delle taglie ha forza3 peso, tenpo e moto
This is not the moment to analyze whether Leonardo solved, or 
not, correctly this problem, but only whether he had a percep­
tion of the variables involved, as we would put it in modern 
terms. There is the question of considering the problem as one 
of statics or one of dynamics; I am inclined to see Leonardo as 
more interested in motion than in rest even when he was consid-
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ering the equilibrium of a system. In my study of the Madrid 
Codices, I have found a more explicit statement of Leonardo 
about the role of force, weight, time and displacement (Macagno 
1985b). In that passage (CM I 152R), Leonardo assumed that
laws of nature could possibly be described by some proper com­
bination of some variables; of course his way of expressing it 
may appear obscure to us:
Io mi trovo 4 gradi di forza3 he 4 di peso e similmente 4 
gradi di moto e 4 di tempo. E voglio con questi gradi 
adoperare e secondo le neciessita agiungere o llevare 
colla imaginatione e ttrovare quello che in natura in sua 
legge ne vole.
Disregarding the use of 4, which seems arbitrary, the statement 
appears quite clear in the sense that we use today: the pos­
sibility of expressing all our findings in physics in terms of 
mass, length and time. This much said, I gladly grant that it 
is still a problem to be solved that of determining accurately 
from the extant documents what was the real significance of the 
above statements of Leonardo. The history of Dimensional Anal­
ysis seems to begin in 1892 with A. Vaschy, although dimen­
sional homogeneity was recognized before by Fourier and others 
(Macagno 1971), all several centuries after Leonardo. Most 
probably, we will conclude that Leonardo had a hint of things 
to come much after him about the importance of recognizing the
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key quantities in any physical law, without arriving however at 
any formalism. It may seem little, but it may prove to be the 
first time such a step was taken in history.
There are in the Codices Forster a number of folios which 
should be studied as part of a general examination of concepts 
like "potentia", "inpeto", percussion, gravity, etc. (CF II 8R, 
32R-V, 44V to 45V, 57V, 75R, 141V, 152V and CF III 32R, 38V, 
39R, 66V). My inital reaction is that they will add little new 
to what is already in other codices I have examined, but there 
may be a filling of some gaps I have observed. Instead, with 
regard to the notion of resistance ("resistentia") there are 
some very interesting remarks, in these codices, which are 
taken into account in the section on experimental situations.
Whenever Leonardo considers the motion of a body through 
the atmosphere, one should examine the text and drawings care­
fully (e.g. CF II 143R) because of the analogy between its path 
and the axis of a water jet. Also to be taken into account are 
any indications of an understanding of conservation principles 
(e.g. CF II 32V, 47R, 78V and III 48R).
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VII. STATICS OF FLUIDS
In the Codices Forster one finds a large number of notes 
and drawings on statics, but only a few are concerned with the 
statics of fluids. The areas of this discipline that are in­
cluded are also restricted; for instance, there is no reference 
to forces exerted on the walls of water reservoirs, as we find 
in other documents (Macagno 1982, 1985c). And there is also 
very little that can be related to the notion of pressure in a 
fluid (Macagno 1987c). Most notes in these codices are on 
floating bodies, some on communicating vessels, plus a few more 
on miscellaneous topics. I will offer a summary in this sec­
tion with some comments which I hope will serve as a basis for 
a further study and a correlation with similar material of 
other notebooks. At first sight I have found no new topics, 
but surely there are differences in the way of expressing cer­
tain notions and results, and the work of comparative analysis 
remains open and in need of being done.
One entry in my survey that does not need further study is 
CF II 46V and 47R because it implies a technical application in 
which it is assumed that a molten metal given enough time will 
solidify, in a tray, as a flat plate. To Leonardo the inter­
face between the metal and the air should be equidistant from 
the center of the world; over a small region it would not dif­
fer sensibly from the plane perpendicular to the vertical line. 
However, in CF III 7R we find some notes on geophysical fluid
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statics which need clarification, because in them Leonardo’s 
notions about planetary stratification of the elements seem to 
be in confusion. Probably, this is a page of early years, in 
the long period of Leonardian fluid mechanics.
In CF III 3R, 5V, and perhaps also 80R (with a drawing of 
difficult interpretation) there are written and pictographic 
considerations which seem preliminary to a deeper analysis of 
the problem of communicating vessels to be found in other manu­
scripts, where a U-tube arrangement is found alone or inte­
grated in a system comprising also a weight, a container and a 
vertical bellows. Perhaps CF III 1R belongs also to this 
group. And CF II, 43V should also be considered, although the 
water pressure is generated in a different way. (See discus­
sion of this question in Macagno 1982).
For a long time, Leonardo tried to understand what must 
have been for him a logical consequence of Aristotelian Phy­
sics: that water had weight only when within a lighter ele­
ment, or above it; hence water lying on the bottom of the sea, 
or a lake, should not put a force on the bottom. He considered 
what could happen to a man lying on the bottom of the sea in CF 
III 66R:
Se l ware si posa sul suo fondo un omo ohe diaoessi sopra 
esso fondo e avesi 1000 braccia d acqua adosso n’arebbe a 
sscopiare.
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Probably what Leonardo wanted to say is that the man would be 
crushed. The question of pressure and force in Leonardo’s 
manuscripts needs a study which can only be final after all the 
manuscripts have been exhaustively studied; but I have made 
already a first attempt, in which the thesis that he understood 
somewhat better pressure than force is advanced (Macagno 1985b, 
1987a). A point of difficult clarification is how far did 
Leonardo go in grasping the concept of pressure, which even 
today constitutes a stumbling block for many people, especially 
many of those who believe they do understand pressure in a 
fluid! To make my point, I need only to ask: how would be the
forces around the man being crushed by the sea water in CF III 
66R? Did Leonardo ever see the answer to this question clear­
ly?
Two folios in these codices contain statements on floating 
bodies. The one in CF II 65V can immediately be related to a 
very similar text, in CM I 123V (Macagno 1982), and it says, 
besides the sketch of a boat floating on a calm sea:
Tanto pesa l'acqua che ssi parte del suo sito per causa
della nave quanto il peso proprio d'essa nave appunto.
This is very much like the passage in the Codex Madrid I, which 
in translation says: "As much weight of water leaves the place
where a boat floats as the weight of the boat itself". For 
further study, remain a number of questions; the most important
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is perhaps how did Leonardo acquire this knowledge? In some
places he gave wrong versions of this principle; was he slow in 
learning it? Was he learning it from experiments? from books? 
from other people? (Macagno 1987a). The other folio with a 
statement on floating bodies contains only a pictographic mes­
sage, which is eloquent for eyes trained to visualize graphi­
cally problems of floating bodies; all we find is a minuscule 
sketch showing a double box floating half-immersed at an inter­
face; fortunately, I have seen before similar drawings in CM I 
112R and later in CA 1016R (c. 1513). In Fig. 8 we see an
improved version of the sketch in CF II 116V. This experiment 
of the double box has constituted a very puzzling problem for 
me, because I went first in what I consider now the wrong dir­
ection: I took this to be a question that was primary of sta­
bility of floating bodies for Leonardo da Vinci. I have cor­
rected this point of view (Macagno 1987a) in the sense that it 
may be important, for the investigator of Leonardo’s work, to 
see the stability-instability side, but most probably it was 
not seen by Leonardo. What he really saw is what constitutes 
something to be explored with all the texts and drawings at 
hand on this experiment. One of the clues in the solution of 
this problem may come from the following statement in CF II 
116V:
Gravita e potentia accidentale la quale e creata dal moto
e infusa ne corpi stanti fuori del loro naturale sito.
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In closing this section, I would like to explain briefly, 
why fluids at rest are included in this investigations about 
flow. The classic approach to statics has been one disconnect­
ed from dynamics; Archimedean hydrostatics, however a wonderful 
building may appear to be, does not have passages to a contin­
uation of the construction of other buildings (Dijksterhuis 
1957). In modern fluid mechanics, statics is viewed as a par­
ticular case of dynamics of fluids, a notion that seems incon­
ceivable in Archimedes way of thinking, but perhaps not in the 
way Leonardo seems to have come finally to consider hydrosta­
tics. This is a very important point that needs further re­
search.
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Vili. FLUID AND FLOW PHENOMENA
The folios containing material on fluids behavior and flow 
phenomena in the Codices Forster can be grouped as follows: 
body moving through a fluid, resistance to motion of a body or 
to flow of a fluid, vortices, waves, flow from reservoirs, 
jets, siphon flow, canal flow, meteorological phenomena, acou­
stical flow and flow of granular material. A summary of the 
contents of each folio can be obtained from the profiles in the 
multichannel survey I have prepared for these codices. In CF I 
flow is usually indirectly implied in that part of this note­
book where Leonardo dealt with hydraulic wheels and water-lift­
ing devices; but in the CF II and III there are a number of 
notes and drawings of which a brief description will be offered 
here, together with some comments in preparation for an in- 
depth study of this material.
Motion of a body through a fluid.- When a body moves through a 
fluid which is otherwise at rest there is, of course, a flow 
relative to the body, and such flow may be quite different for 
the same body, depending on its orientation relative to its 
path. In CF III (and in many other places) Leonardo has said 
that a body must fall in such a way that its heavier part be­
comes the guide of the motion, a notion held by Pelacani accor­
ding to Professor Marinoni. I have done some experiments and 
shown (Macagno 1983) that this is not generally true, and they
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should be taken into account in the final analysis of this 
question. If the body were to fall in vacuum, its initial 
orientation would not change provided that the body does not 
have initially any angular momentum. This is of interest in 
connection with CF II 125V where Leonardo considers the verti­
cal descent of a cube and says that it will do so even if it 
rotates; one would tend to believe that a fall in vacuum would 
not ever be contemplated by Leonardo in view of his comments 
about nonexistence of vacuum in nature; we can see then what 
question arises itself in this case.
Usually, Leonardo takes resistance due to the surrounding 
fluid into account; for instance, in CF II 149V the damping of 
the oscillations of a pendulum due to air resistance is men­
tioned, while in CF II 44V-45V a case of air resistance during 
acceleration of a body is introduced. The notion of resistance 
is well established in Leonardo’s mind, who in CF II 69V pon­
ders the effect of humidity on the resistance offered to a 
moving body by the atmospheric air, while in 72V the effect of 
shape is mentioned. There are some folios (CF II 141V, 143E, 
144R, 152V) for which it should be determined - if possible - 
whether or not Leonardo took resistance into account.
Still within the question of resistance, there are two 
cases in which Leonardo deals with means of reducing friction 
by utilizing some lubricant. One is the common case of reduc­
ing friction in the axle of a wheel (CF II 131V), but the other 
is an anticipation of a problem which has been investigated
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only in this century; i.e. that of the drag reduction in some 
fish due to skin secretions which seemingly acted as a lubri­
cant between a solid surface and a fluid. (CF III 38R). In
this case quotation in full is certainly warranted:
Ogni corpo e conposto di quelli membri e omori i quali 
sono niciessari al suo mantenimento la quale necessita e 
bene conosciuta e a cquella siparato dall anima che ttal 
forma di corpo a sua abitazione per uno tenpo a eletta.
Vedi il pesce che per la continua confregatione che per 
necessita esso fa coll acqua, dalla sua anima, figliola 
della natura e proveduto partorisce per la porosità che 
si trova infra Ile comessure delle scaglie cierto vis- 
cioso sudore il quale malagievolmente da esso pesscie si 
divide e ffa quello ofizio col pesscie che ffa la pescie 
col navilio.
The analogy with the substance that was applied to the hull of 
ships is probably not warranted, unless it happened to contain 
the material secreted by those fish with the molecules respon­
sible for drag reduction still in good conditions.
In CF III 27R we find an interesting problem: to deter­
mine whether Leonardo was actually considering peristasis in an 
Aristotelian way (Rouse 1957), when he wrote the following 
note :
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L aria ohe ssi chiude con furia dirieto ai corpi che per 
essa si movano resiste piu che quella che està ferma onde 
la ballotta percossa e prima fugitta che Ilo salto o 
balzo si possi causare.
This requires careful analysis, because it sounds more like a 
concern for a resistance effect in the wake of a body than an 
assertion about a propulsion action of the "air rushing behind 
bodies moving through it".
To close this section on moving bodies, I will refer the 
reader to CF II 32R and 46R where Leonardo considered the mo­
tion of lightning and that of the clouds. From other notebooks 
it is clear that these two meteorological phenomena were dis­
cussed by Leonardo very much as if the question were one of 
bodies moving through air. There are in the Codices Forster 
still other cases of moving bodies, but because of strong in­
volvement of other questions, like two-phase flow or non-New­
tonian flow, they will be discussed somewhere else in this 
study.
Conduit and canal flow.- There is little on conduit flow in the 
Codices Forster, but this is in line with other notebooks. In 
the section on hydraulic machines of CF I, there are explicit 
and implicit cases of conduit flow, and I have listed among the 
experimental situations the J-tubes of CF II 102V and III 49V. 
Canal flow is depicted and briefly described in CF III 23V, 
32V, 33V, 40R, and 80R. Perhaps, the sentence:
42
Segniali di fondi oculti d'acqua
in CF III 40R will prove to be the most interesting finding in 
this notebook, because it shows that Leonardo was aware of the 
signature left on the water surface by configurations lying on 
the bottom of a stream. Correlations with those notebooks, in 
which the same topic may be pursued, would be very useful.
Other flows.- I have left for this subsection the question of 
Leonardo in CF III 75V about a burning particle or spark going 
up in the air and then falling down. He may have been able to 
detect the difference in time taken to go through the two mo­
tions, first up and then down. Or was he thinking that the 
motion upward was that of a mixture of earth and fire, a body 
of density different from that of the one coming down? This is 
a question that we may want to consider from the point of view 
of the flow relative to the spark; as it goes up we have a two- 
phase flow around the body. Of course, looking at a question, 
or a phenomenon, in the ways one can do it today is not ana­
chronistic, if we do it to gain insight on how Leonardo may 
have looked at it. The same would be true if we study the fall 
of a piece of iron through liquid mud in order to evaluate the 
idea of Leonardo in CF II 48V of using such a phenomenon as an 
analog of the fall of a body through air. We know about non- 
Newtonian properties of mud, and would expect important differ-
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ences in behavior; but it could also be that they turn out to 
be small and that the experiment, if performed by Leonardo, 
could have given him an insight into this question. For simi­
lar reasons we may want to study the flow of molten wax, with 
and without air bubbles in it, so that we can evaluate the 
content of CF II 64V.
In the case of flow with rotation towards an orifice de­
picted on folio 75V of CF III, we may not need to perform an 
experiment in the laboratory to determine that Leonardo was 
right in formulating the question:
Perche le linie dell acqua versante a una buca non si 
dirigano al dentro d essa.
We may be able to find, among the many flow visualizations of 
this phenomenon published in technical journals, the configura­
tion shown by Leonardo (Fig. 9). It is worth mentioning that I 
have found, in some cases, more expeditive to go to the labora­
tory than to go to the library, to elucidate some statement or 
some drawing by Leonardo.
In some folios there are sketches of water waves without 
comments, but they can easily be read by the trained eye already 
familiar with other manuscripts. (See CF III 29V and 76V). The 
sketch in 29V I have included in this category, because it seems 
related to those on CM I 95V on waves around a triangular object 
[13]. There are no waves mentioned or shown in CF II 87V (see
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sketch in my list of experiments, Entry 7) but the effect descri­
bed there can only be explained by the impact producing only 
smal1-amplitude waves in the glasses with water. Because of some 
questions I have received in my lectures on Leonardian fluid 
mechanics, I feel justified here in explaining that waves - even 
those which produce no mass transport - constitute flow pheno­
mena, no matter how small their emplitude. Sound waves in air or 
water also produce flow, however small the individual orbits may 
be. For this reason, acoustical phenomena are included in my 
surveys [5, 14] and studies of Leonardo’s notebooks. (See CF II 
32V, 35V and III 5R).
Flow of granular materials.- Sand, seeds, and other granular 
materials can be seen performing fluid-like motions; remember, 
for instance the jet of sand in a sand clock, or that of a sugar 
dispenser. Leonardo must have had abundant experience with gran­
ular materials in the studios where he was first an apprentice 
and later a master.. He was attracted by the analogy between the 
flow of water and that of granular materials and there is ample 
evidence of his attempts to use such an analogy (Macagno 1986b). 
A question worth studying is that of the chronology of the Co- 
dices Forster in view of the almost complete lack of analogical 
methodology one finds in them in the area of flow science; would 
this be due to all these notebooks belonging to an early period? 
In the Codices Forster, there are two cases of flow of granular 
material which are not really analogs: one is a sketch of a
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mound of sand on a board subject to vibrations (fully discussed 
in CM I 126V); the other is an experiment in which one would see 
the classification of a mix of different granular materials when 
placed on a rotating dish (see the sketches for CF II 68V in my 
list of experiments). Here it may be warranted to clarify ano­
ther doubt that has been presented by people in my audiences. It 
concerns the use of term "flow" when talking about sand which is 
made of solid bodies. To begin with, solid bodies usually under­
go deformations (an important element of flow-like motion) but 
this is not the answer really. The explanation lies in our con­
sidering a given quantity of sand as a system of particles, as if 
they formed a body; then when any group of particles in such a 
body moves in a way that the distances among any two of them 
change, we can say that there is flow, because this is what we 
say of points of a continuum in motion. In another way: Take 
eight sand grains initially on the corners of a small cube; if 
the cube changes in shape as the sand moves, there is flow. This 
is by no means an exaggeration of views; anybody, familiar with 
recent studies of flow of traffic in the highways of the modern 
world, would surely agree it is not.
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IX. FLOW MACHINES AND PERPETUAL MOTION
In elementary, and not so elementary, books on hydraulic 
machines (Wislicenus, 1947), we can learn that a machine through 
which water circulates with a rate of flow Q, between two reser­
voirs with water surfaces separated by a vertical distance H, 
requires, or provides, a theoretical power given by the simple 
formula 7QH, where 7 is the specific weight of water. Theoreti­
cally, then, one could couple hydraulically a pump to a turbine, 
both mounted on a closed pipe loop, and have the system running 
forever. Technical books are full of discussions about fric­
tionless solids and fluids, non-dissipative systems, which, in 
theory can work forever. But they also contain a second step, an 
improved treatment, in which the relatively recently established 
principles of thermodynamics are incorporated, crudely or sophi- 
sticatedly, to show that one must take resistance to motion into 
account, that there is always a dissipative term to be included 
in our equations; in other words that there is entropy in all our 
systems. We know that all this came centuries after Leonardo; 
but we also know that he was keenly aware of friction and resis­
tance to any motion within a fluid, or even of a fluid within 
certain boundaries. At the same time, he appears - from his 
manuscripts - to have been very much interested in perpetual 
motion machines of different kinds. This is found, for example, 
in the second half of CF I, where, interspersed between "practi­
cal" pumps and hydraulic wheels, one finds here and there "uto­
pian" hydraulic machines that should be able to work forever.
47
There is an interesting study by R. Marcolongo, on this 
section of the CF I, which could be the starting point for an 
exhaustive research of hydraulic machines in the notebooks of 
Leonardo from the point of view of mechanical and hydraulic engi­
neering (Marcolongo 1987). Marcolongo did not fail to see that 
some of the systems in CF I were meant to be perpetual motion 
machines, but he did not pursue this line very far; moveover, he 
took the attitude that this must have been an error or a mistake 
on the part of Leonardo, who in some other places - I would say - 
redeemed himself by sternly condeming those who claimed to have 
designed or constructed perpetual motion machines. I would like 
to see a study of this topic from a different angle: was Leon­
ardo fascinated by such efforts? did he have an early enthusiasm 
followed by bitter disappointment? or did he study these machines 
and also friction, and resistance, and what was given to them as 
well as what they yielded, and finally arrived to the conclusion 
that they were impossible? And, in spite of this, did he like to 
consider any possible scheme, late in his life, and verify such 
an impossibility case by case? In view of the perpetual interest 
of mankind on perpetual motion, of which we see examples nowa­
days, it seems to me that a research project on Leonardo's notes 
and drawings on perpetual machines would be very opportune (Ord- 
Hume 1977).
For such a study, the following folios of CF I should be 
useful: 41V, 42R, 43V, 44R, 45V, 49R, 53V, 54R-V. The system 
described in CF I 53V belongs to the category of those machines
4 8
that would yield more power than what they receive. Some of the 
drawings are of difficult interpretation, but there are enough 
cases that are clear in their meaning, and the accompanying text 
leaves no doubt about being considered by Leonardo as systems 
with closed indefinite circulation in time. 1 reproduce in Figs. 
9 and 10 two of the systems in CF I; one is a kind of self con­
tained unit, while the other is actually formed by two machines, 
one is a pump taking water from a reservoir and raising it so 
that it enters a hydraulic wheel, then it goes through it and 
ends in the same reservoir at some other point. Of course, the 
hydraulic wheel drives mechanically the pump, which is an Archi­
medean screw in this case. While studying the machine represent­
ed in Fig. 10, I was struck by the ressemblance of the "motor" 
side of it to a turbine studied by Euler; most probably it was an 
original idea of Euler, but I would not discard an investigation 
of this and other cases in which one finds a striking similarity. 
My prediction would be at this point that most of such investiga­
tions would be rather difficult, but perhaps not totally unre­
warding .
If an investigation on perpetual motion were undertaken, CF 
II offers some interesting folios to be studied; the devices 
there are mechanical rather than hydraulic machines, but the 
comments by Leonardo are critical. This material is to be found 
from CF II 89V to 91R. In CF II 102R Leonardo is harshly condem­
natory :
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0 speculatori dello continuo moto quanti vari disegni in 
simile cierca avete creati accompagnotovi colli cercator 
d oro.
In fact, the chances of the searchers of gold, either through 
alchemy or by prospecting rivers and mountains, were not as 
hopeless as those of the ones pursuing the machine that would 
produce more energy than that fed to it!
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X. CONCLUSION AND COMMENCEMENT
Naturally, I must say something as a closure for this 
initial effort on the Codices Forster from the fluid-mechanical 
point of view, but I consider much more important to convey the 
notion that we are only at the beginning of the investigation. 
Therefore, part of this chapter is conclusion and part is com­
mencement .
With this survey of the Codices Forster, a total of 1800 
folios of Leonardo’s manuscripts has been examined carefully to 
detect all the notes and drawings related directly or indirect­
ly to fluids and flow. Most of this material is of technical 
or scientific nature, and thus it is of importance to search 
for those aspects of geometry and general mechanics which have 
a bearing on kinematics and dynamics. Other connections have 
not been overlooked, however, and it is hoped that the surveys 
do not show a lack of sensitivity regarding artistics aspects 
of flow as well as flow in art. When Leonardo looks at the 
effect of wind on folliage, in connection with the depiction of 
trees, the study of flow becomes a merging of science and art. 
The same can be said of the studies of the reflection of light 
of the Sun and the Moon on wavy seas or lakes which interested 
Leonardo both as a painter and as a scientist. References of 
this kind have been eagerly sought and recorded together with 
those of a pure fluid-mechanical meaning. Some of the short 
stories, fables and anecdotes have not been excluded of my
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surveys when they have as protagonists some or all of the ele­
ments, as the one in which the fire is complaining about the 
water being above it in a pot; then the water boils, and com­
plies by overflowing and falling upon the fire which is thus 
extinguished !
So far, I have surveyed the Codices Madrid, Atlanticus, 
and Hammer in addition to the Forster; I am completing the 
survey of the Codex Arundel and will write the corresponding 
paper in the summer of 1987. Of the French Manuscripts I have 
completed the survey of Ms A, and a publication on it will 
appear in the Raccolta Vinciana soon. Work on the other manu­
scripts at the Institute de France will continue this summer. 
The survey for the Codex Hammer is already in the Iowa Univer­
sity Computer System, and the others will be incorporated in 
the near future.
In this monograph, I have tried to show how much of the 
notes on flow and transport phenomena in the Codices Forster 
remains to be investigated; it seems warranted to give some 
ideas and suggestions about the research effort that should be 
undertaken in the future. Although other notebooks may be 
richer in the questions of flow, the Codices Forster are surely 
an important part of the work of Leonardo in the art and sci­
ence of flow phenomena.
In Codex Forster I, we have basically two studies, one of 
the geometry of transformations which plays an important role 
in the development of geometry in motion, a subject for which
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an initial effort has already been made by Matilde Macagno, 
1987. The other study of Leonardo is a dual approach to flow 
machines: on the one hand, we have realistic systems, in which 
Leonardo considers those machines that he knows can be useful 
in the real world; on the other hand, he seems obsessed with 
perpetuum mobile systems which should give us all without de­
manding to be fed at all with energy. This is a notebook in 
which mechanical and hydraulic engineers could find an intere­
sting research project concerning flow machines, and physicists 
could perhaps be attracted by the question of perpetual motion 
and its meaning to Leonardo.
In volumes II and III there are a number of particular 
studies of flow and transport phenomena, most of which concern 
water. I consider that the most important project for these 
two volumes should be the integration of all the notes on flow 
with the correlative material in other documents. There are, 
however, a few notes on questions which I believe are found 
only in the Codices Forster, and they should be investigated 
independently.
I do hope that this monograph can serve as the initial 
stepping stone for subsequent efforts to extract and integrate, 
in a valuable synthesis, the notes and drawings of the Codices 
Forster which deal with fluid flow and transport phenomena.
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APPENDIX I
ENGLISH VERSIONS OF ITALIAN TEXTS
Because I very much want this monograph to be useful to 
persons interested in Leonardian flow science, who may not be 
comfortable with quotations in the original language, I offer 
here my own English version of the passages included in the 
monograph. Much work on Leonardian fluid mechanics can be done 
without knowing the original language, and I am hoping to find 
collaboration, from people who are experts in fluid flow, hy­
draulics, and hydraulic engineering, in phases of the work that 
are not affected by the direct study of the original documents. 
The passages are in the same order one finds them through the 
monograph.
CFI 3R Book entitled of transformation, i.e., without de­
crease or increase of matter. (Ill, V).
CFI 40V Geometry of deformation in the transformation of 
metallic bodies which are of matter capable to di­
late and contract according to the needs of those 
who handle them. (Ill, V).
CFI 68V In this circular tray I want to do 
circular motion; i.e., to put in it
experiments on 
objects of the
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same material, of coarse and fine grains, and (also) 
objects of different materials but of the same size. 
And they should be (uniformly) mixed, and at the end 
of the motion determine the place chosen by each 
(object). (III).
CFII 65V The weight of the water that is displaced by the 
boat is exactly equal to the total weight of the 
boat. (Ill, VII).
CFIII 75V Why the lines of the water which is flowing out from 
an orifice do not pass through the center of such 
orifice? (III).
CFI 42V The screw .a. gives water to the screw .b. and the 
screw .b. gives motion to the screw .a. (III).
CFI 44R All the lines which can be hand-drawn across these 
two areas are the same in number and in length (V).
CFI 6V Find the volume of a body of six faces whose 12 
different edges (limiting those faces) are equal to 
segments which are in rational proportion among 
themselves (V).
6 1
CFII 78V In the operation of pulleys there is force, 
time and motion. (VI).
weight,
CMI 152R I find for me 4 degrees of force, and 4 of weight, 
and likewise of motion and time. I want to operate 
with these degrees (or quantities?), and according 
to the needs increase or decrease them with the 
imagination and discover what is that the laws of 
nature require. (VI).
CFI11 66R If a man would lay flat on the bottom of the ocean, 
and 1000 'braccia* would exist on top of him, he 
would be crushed. (Leonardo actually wrote "ssco- 
piare* = "explode"). (VII).
CFII 116V Gravity is accidental 'potentia' which is created by 
the motion and infused in bodies which are away from 
their natural place. (VII).
CFIII 38R Each body is made of those members and humors which 
are necessary to its subsistence. Such necessity is 
well known to the separated soul which has selected 
such a body form to dwell in it for a time. Observe 
the fish who, because of the continual friction 
which necessarily receives from the water, is pro­
vided by its soul, daughter of nature. Thus, it
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secretes, through the porosity which is inside the 
interstices of its scales, a certain viscous fluid 
which only with difficulty separates from the fish. 
This (secretion) plays for the fish the same role 
that tar plays for ships. (VIII).
CF 111 27R The air that rushes furiously toward the back of 
bodies, moving through it, offers more resistance 
than the air at rest; hence the impacted ball es­
capes before the jump or bounce can happen. (VIII).
CFIII 40R Evidence of bottom shapes hidden by the water. 
(VIII).
CFII 102R Oh! Speculators of perpetual motion, how many dif­
ferent devices have you created! doing like those 
who seek (to make?) gold. (IX).
From Voi. V, Preface, Section 2
Leonardo da Vinci der grösste Mahler aus der 
italienischen Schule, 1452 zu Vinci geboren, trat 
1502 als Kriegs Baumeister in die Dienste Herzogs 
Valentin Borgia, und starb 1529.
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APPENDIX II
EXPERIMENTS AND EXPERIMENTAL SITUATIONS 
IN THE CODICES FORSTER
FOLIO SKETCH DESCRIPTION PROFILE
1
II 8R
Device to launch different 
weights.
h  '!
1
DEVICE 
MECH 
BO MO
.
2
i
! Il 16R
Angle of repose for cones 
of granular materials.
TERRA
GRAN
STATICS
3
II 32V 
III 5R
Bells and models of bells.
. - — ...
ACOUS
SIMIL
4
II 35V
. !
Differences in sound due 
to variations in the ten - 
sion of strings.
ACOUS
FORCE
MECH
5
II 42V
Paths including impact and 
bouncing of a body.
BO MO 
MECH 
IMPACT 
JUMP
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FOLIO SKETCH DESCRIPTION PROFILE
6
II
44V-45V
Mechanical effects of the 
sudden motion of a man who 
is standing on a balance.
MECH 
INPETO 
RESIST 
LIV SYS
7
II 46R
1 The motion of a cloud and 
that of its shadow.
-
ARIA 
METEO 
KI NEM
8
II 48V
Modelling the resistance 
to a body, falling through 
the air, with a piece of 
iron descending through 
liquid mud.
ARIA
ACQUA
TERRA
BO MO
SIMIL
RESIST
9
II 59V
Imagined oscillator along 
a diametral Earth tunnel.
BO MO 
GEOPH 
MECII
10
II 68V
Internal flow, in a cone of 
granular material, induced 
by vibrating the supporting 
plate.
GRAN
FLOW
IMPACT
MECH
6 5
FOLIO SKETCH DESCRIPTION PROFILE
11
II 68V
<
i
Rotation-induced redistri­
bution of non-homogeneous 
material,which is initial-j 
ly uniformly mixed in the 1 
rotating dish.
■
FLOW
GRAN
CIRCUL
DEVICE
DISTRIB
—
12
II 69V
Change in trajectory of an 
arrow entering,with a given J  
inclination, a water layer.
ACQUA 
BO MO 
IMPACT
13
II 84R
Determination of weights
!
hanging from strings pass-j 
ing around a system of pul-j 
leys. ji
DEVICE
STATICS
WEIGHT
14
II 87V
A sudden impact on a rod 
laid on water containers ;
may break the rod without 'j
spilling the water .
ACQUA 
WAVES 
BO MO 
IMPACT
15
II 95R
Conditions of equilibrium 
for a system of two inter­
connected balances.
DEVICE
STATICS
WEIGHT
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FOLIO SKETCH DESCRIPTION PROFILE
16
II 102R 
II 117V
Flow of water through a se­
ries of reservoirs.
ACQUA
FLOW
JET
ORIFICE
RESERV
17
i
II 102V
1
I
1
Flow out of an orifice in a ; 
a J-shaped container.
i
ACQUA
FLOW
JET
CONDUIT
ORIFICE
18
II 106V
Measurement of the force of 
a falling body upon impact.
1
BO MO
IMPACT
MECH
19
II 107V
i
Measurement of the force of 
impact of a falling body.
BO MO
IMPACT
MECH
i
20
II IHR
Measurement of axle fric-
1
i
tion.
BO MO
RESIST
MECH
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FOLIO SKETCH DESCRIPTION PROFILE
21
II 125 V
Cubic body falling down 
through the air with dif­
ferent orientations.
ARIA 
BO MO 
RESIST
22
II 128R
Position of equilibrium 
of a bar with a hori­
zontal axis.
-----------  ---------------
STATICS
23
II 143R
!
Body in parabolic path.
ARIA 
BO MO 
MECH
24
II 159R
•
Registering the deforma­
tion of a ball impacting 
a wall.
h * -------- 1
BO MO 
DEFORM 
VISUAL 
IMPACT
25
III 19V
Body suspended between 
two walls by moans of 
frictional forces.
PRESSURE
STATICS
RESIST
6 8
FOLIO SKETCH DESCRIPTION PROFILE
26
III 29V
Study of waves around a 
triangular body ?
ACQUA ? 
WAVES ?
27
III 32V 
III 33R
Flow of water at a T in a 
canal.
f
ACQUA
FLOW
CANAL
Ì
28
III 46V
Measurement of the force 
on a millstone.
FORCE
MECH
RESIST
29
III 48V
The persistence of rota­
tion in a wheel.
MECH
INPETO
30
III 47V
Force of a water jet im­
pinging on a flat plate.
ACQUA
JET
FORCE
IMPACT
6 9
FOLIO SKETCH DESCRIPTION PROFILE
31
III 49V
A paradoxical situation: 
a siphon which would not 
work in spite of the im­
balance of weights.
ACQUA
FLOW
SIPHON
MECH
1j
32
III 53 V
Unexpected deformation 
of a piece of wood after 
impact.
j
DEFOR
IMPACT
MECH
33
III 73V
Determination of the ra­
tio of forces acting on 
each side of a string 
wound around a cylinder.
DEFOR
STATICS
RESIST
WEIGTH i
!
34
III 75R
Thermal effect on the 
resistance encountered by 
a body moving through air.
-------- !
ARIA 
FOCO 
BO MO 
RESIST
35
III 75V
Water discharge affected 
by vortex motion.
ACQUA
FLOW
VORTEX
WAVE
ORIFICE
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FOLIO SKETCH DESCRIPTION
-
PROFILE
36
III 76R
Intersecting waves at an 
otherwise undisturbed wa­
ter-air interface.
ARIA
ACQUA
WAVES
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FIG. 1,- This and the other figures are based on 
drawings of the Codices Forster which are not 
easy to reproduce photographically. In the above 
drawing, I have added capital letters to the 
lower-case ones of Leonardo. Those familiar with 
the analysis for conservation of volume in fluid 
mechanics will surely find this diagram meaning­
ful. Note that EH and FG are supposed to be con­
gruent curves, and that AB = EF = DC = HG. The 
equality Area a = Area b can be proven in se­
veral ways, but that of Leonardo is very much 
like verifying first that AEHD = BFGC, and 
then subtracting BEHC from both sides of the e- 
quation. ( See CFII 42R. )
7 2
FIG. 2.- This drawing is based on a similar sketch 
in CFII 44R. Note that the rectangular area has 
been subdivided in a number of equal rectangles. 
To convey, to the modern reader, Leonardo's ideas in 
CFII 44R, the two sinusoidal curves on the right- 
hand side have been replaced by finite-step si­
nusoids, which were determined in such a way that 
the same number of elements appear on both sides. 
By making the height of the strips vanishingly small, 
we can show that the two areas are equal. This how­
ever is not Leonardo's notion of the equivalence of 
areas in this passage; I believe it to be more 
subtle, and also more difficult to prove.
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FIG. 3,- In CFII 47R there is a sketch in which 
three parallelograms of equal area are shown. 
They are highly suggestive of a transformation 
from one to the other by what we call nowadays 
parallel shear flow with linear displacement 
distribution. The question to be investigated 
is: to what extent Leonardo saw diagrams like 
this as flow situations, or at least as de­
formation phenomena.
FIG. 4.- These two parallelipipeds of equal 
volume, from CFII 47R, are a graphic expression 
of conservation of volume. The question can 
be considered in two ways: as one of static 
classical geometry, or as one of the new geo­
metry in motion introduced by Leonardo.
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FIG. 6.- To show that in CFI 6V Leonardo was con­
sidering a problem too difficult for him, I have set 
up the analogous 2-dimensional problem: find all 
the quadrangles that can be formed with four given 
lengths (1,2,3,4) which will have all a given area. 
Note the two possible ways of ordering the sides. 
If the problem is approached as one of geometry in 
motion, note that each of the above quadrangles has 
one degree of freedom.
FIG. 7.- The problem of the quadrangle of given a- 
rea and sides. Note that x. and y. are not used as 
symbols for coordinates, but for èhe components of 
the segment L.. This two-dimensional counterpart of 
Leonardo's problem in CFI 6V has been introduced to 
gain insight into the question, and to assess what 
chances Leonardo could have had of solving it.
7 5
FIG. 5. An intriguing problem, for which Leonardo 
stated that the number of solutions should be 5054! 
This was under the condition of conservation of 
volume. The 12 segments shown, which vary linearly, 
should be used to construct the irregular body.With 
what is nowadays an elementary analysis it can be 
demonstrated that Leonardo stood no chance of ever 
solving this problem. I am including it in this mo­
nograph because any attempt at solving it should in­
clude geometry of motion on the part of Leonardo. 
(See CFI 6V).
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FIG. 8.- A two-compartment box, floating with the 
heavy side up, is one of the most meaningful exper­
iments of Leonardian fluid mechanics. In CFII 116V, 
there is only a poor sketch, which is only possible 
to interpret when integrated with similar better 
drawings in other notebooks.
FIG. 9.- Sketch of pattern observed at the free 
surface of water discharging, through a bottom ori­
fice, from a reservoir. The lines are interpreted as 
stationary waves, not as flow lines.
7 7
FIG. 10,- From CFI 42V, I have taken this closed- 
circuit system in which an Archimedean screw would 
be driven by a surrounding turbine. This is clear­
ly a perpetuum mobile machine of hydraulic type.
FIG. 11.- Also from CFI 42V: a hydraulic turbine 
drives a pump which raises water used to feed the 
turbine. Another case of perpetuum mobile system. 
(See also the two cases included in Table I, Nos.
6 and 7.)
